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ABSTRACT 

Various f a c t o r s  t h a t  cause the  r u s t i n g  o f  t a b l e t  punches and 

d ies by a hydrochlor ide s a l t  were evaluated. 

r i c h  i n  n i c k e l  content  was found t o  have the  bes t  res i s tance  t o  

r u s t i n g  by the  hydrochlor ide s a l t .  

humidi ty,  temperature and c o n t a c t  t ime w i t h  t h i s  hydrochlor ide 

s a l t  were a l s o  found t o  be responsib le  f o r  r u s t i n g  o f  t o o l i n g  

Tool ing m a t e r i a l  

Other f a c t o r s  such as 

mater i  a1 . 
The hydrogen c h l o r i d e  l i b e r a t e d  from t h e  s a l t  was found t o  

A c o r r e l a t i o n  between the be the  cause of  r u s t i n g  o f  t o o l i n g .  

s t a b i i i  t y  o f  hydrochlor ide s a l t  as determined by thermogravi- 

m e t r i c  ana lys i s  and i t s  e f f e c t  on r u s t i n g  o f  t o o l i n g  ma te r ia l  

was demonstrated. Opt imizat ion o f  t o o l i n g  composi t ion du r ing  

p re fo rmu la t i on  i s  recommended. 
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1488 NARURKAR, PURKAYSTHA, AND SHEEN 

INTRODUCTION 

The r u s t i n g  o f  punches and d ies  du r ing  compaction o f  

c e r t a i n  granules i s  a con t inu ing  concern i n  the pharmaceutical 

i n d u s t r y  . Rust and i t s  accompanying p i t t i n g  on the punch cup 

cou ld  r e s u l t  i n  p i c k i n g  and o b l i t e r a t i o n  of any d e l i c a t e  engrav- 

ing. 

as w e l l  as poor q u a l i t y  products. 

1 

The use o f  poor q u a l i t y  t o o l s  can r e s u l t  i n  work stoppage 

I n  the c u r r e n t  studies,  we evaluated var ious fac to rs  t h a t  

c o n t r i b u t e  t o  t h e  r u s t j n g  o f  t o o l i n g  m a t e r i a l s  i n  con tac t  w i t h  a 

hydrochlor ide sa l  t. 

m a t e r i a l ,  humid1 t y  cond i t i on ,  temperature and the con tac t  t ime 

between a hydrochlor ide s a l t  and t o o l i n g  ma te r ia l s .  

The f a c t o r s  i n c l  ude composi ti on o f  t o o l  i ng 

MATERIALS AND METHODS 

Mate ri a1 s 

REV 6000-A( SS) , a p r o p r i  e t a r y  hydrochl o r i  de sal  t devel oped 

by Revlon Health Care Group, was used. Various t o o l i n g  

m a t e r i a l s  as shown i n  Table 1 were used f o r  v i sua l  

observat ion o f  r u s t i n g .  

2 

Methods 

The thermogravimetr ic ana lys i s  (TGA) o f  REV 6000-A(SS) was 

performed w i t h  a DuPont 951 thermogravimetr ic analyzer  w i t h  a 

990 thermal analyzer. 

5 " C h i n .  i n  an atmosphere of n i t rogen.  

The m a t e r i a l  was heated a t  a r a t e  o f  
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CORROSION AND RUSTING OF TOOLING MATERIAL 1489 

TABLE 1 

COMPOSITION OF VARIOUS TOOLING MATERIALS 

Steel 
Analysis 
Nominal Tool Desi gnat i  on 
Composi ti on D2 D3* DM SS** 440 C** * 

( % I  

Carbon 1.40- 1.60 

Manganese 0.20- 0.40 

S i  1 i con  0.20- 0.40 

Chromi um 1 1 .50-12.50 

Vanadium 0.20- 1.00 

Molybdenum 0.70- 0.90 

Nickel  - 
S u l f u r  0.1 2 

2.10- 2.30 0.50 0.50-0.60 

0.20- 0.40 0.50 0.75-1.00 

0.10- 0.40 0.25 1.75-2.25 

11 , 5 0 4  2.50 0.75 0.1 5-0.40 

0.20- 1.00 - 0.15-0.30 

0.70- 0.90 - 0.20-0.50 

0.50 3.00 - 
- - 0.12 

0.95-1.20 

1.0 

1.0 

16.0-1 8.0 

- 
0.75 

e. 50 
- 

* Composition normal ly  used i n  d ies  f o r  commercial t a b l e t  
product  i on 

p roduc ti on 

** Composition normal ly  used i n  punches f o r  commercial t a b l e t  

*** S ta in less  s t e e l  

REV 6000-A(SS) powder was s to red  i n  c o n t a c t  w i t h  var ious 

t o o l i n g  m a t e r i a l s  up t o  24 hours a t  22"C/30% R.H., 22"C/85% R.H. 

and 35'C/85X R.H. 

mass of powder w i t h  10% water a t  22"C/30% R.H. 

was used f o r  r a t i n g  t h e  degree o f  rus t i ng ,  zero i n d i c a t i n g  no 

This  experiment was repeated by using a wet 

A scale o f  0-3 
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1490 NARURKAR, PURKAYSTHA, AND SHEEN 

rus t i ng .  A l l  t he  observat ions were made by the  same i n d i v i d u a l  

and a t  the same time. 

RESULTS AND DISCUSS I O N  

Thermogravimetri c Analysis ( TGA) 

The TGA o f  REV GOOO-A(SS) (F igu re  1 )  i n  i c a t e d  a 9% weight  

Th is  corresponds roughly  l o s s  occu r r i ng  between 147" t o  175°C. 

t o  a mole o f  hydrogen ch lo r i de .  

p o i n t  o f  147°C which i n d i c a t e s  t h a t  the l i b e r a t i o n  o f  HC1 occurs 

on melt ing.  There was, however, a r a p i d  and cont inuous weight  

l o s s  above 200°C due t o  decomposition o f  REV 6000-A(SS). 

gas evolved on hea t ing  REV 6000-A(SS) powder i n  a t e s t  tube a t  

150" t o  160°C was confirmed t o  be hydrogen c h l o r i d e  by passing 

the vapor over  concentrated ammonium hydroxide. 

than 1 was i n d i c a t e d  by exposing wet l i t m u s  paper t o  the evolved 

gas. 

REV 6000-A S S )  has a me1 t i n g  

The 

A pH o f  l e s s  

E f f e c t  o f  Dry Powder on Tool ing M a t e r i a l  a t  22"C/30% R.H. 

The data as presented i n  Table 2 i n d i c a t e  t h a t  t he  

REV 6000-A(SS) dry powder causes r u s t i n g  o f  a l l  t o o l i n g  

m a t e r i a l s  which was found t o  increase w i t h  t ime. These r e s u l t s  

seem t o  be c o r r e l a t e d  w i t h  t h e  re lease of hydrogen c h l o r i d e  from 

REV 6000-A(SS) as dmonstrated by TGA (F igure 1 ) .  
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CORROSION AND RUSTING OF TOOLING MATERIAL 
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Figure 1 : Thermogravimetric Analysis of REV 6000-A(SS) 
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1492 NARURKAR, PURKAYSTHA, AND SHEEN 

TABLE 2 

EFFECT OF DRY POWDER ON TOOLING MATERIAL 
22"C/30% R.H. 

Tool ing 
Ma t e r i  a1 

D2 

D3 

DM 

s5 

440C 

Rust ing (Rat ing*)  
2 H o  urs  24 Hours 

* 0 No r u s t i n g  ( c o n t r o l  
1 Very s l i g h t  r u s t i n g  

2 More r u s t i n g  
3 Most r u s t i n g  

E f f e c t  o f  Temperature on Tool ing M a t e r i a l  

The data as shown i n  Table 3 i n d i c a t e  t h a t  the r u s t i n g  o f  

metal t o o l s  increases w i t h  an increase i n  temperature when 85% 

R.H. i s  used. 

l e a s t  w i t h  DM too l i ng .  

The r u s t i n g  appears t o  be g r e a t e s t  w i t h  S5 and 

E f f e c t  o f  Wet Powder on Tool ing M a t e r i a l  

The data as presented i n  Table 4 i n d i c a t e  t h a t  t he  wet 

powder of REV 6000-A(SS) causes r u s t i n g  t o  t h e  t o o l i n g  m a t e r i a l  
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CORROSION AND RUSTING OF TOOLING MATERIAL 1493 

TABLE 3 

EFFECT OF TEMPERATURE ON TOOLING 
( 2  Hour Observat ion) 

Tool ing Rust ing (Rat ing*)  
Ma te r ia l  22’C/85 %RH 35-C/85%RH 

D2 1 2 

D3 1 2 

DM 

s5 

0 

1 

2 

3 

440C 1 2 

* 0 No r u s t i n g  ( c o n t r o l  ) 
1 Very s l i g h t  r u s t i n g  
2 More r u s t i n g  
3 Most r u s t i n g  

due t o  the  i o n i z a t i o n  o f  hydrochlor ide s a l t  i n  the presence o f  

moisture. 

Degree of Rust ing on Various Metal A l l oys  

The r e s u l t s  as sumnarized i n  Tables 2, 3, and 4 i n d i c a t e  the  

o rde r  o f  r u s t i n g  by t h e  var ious metal a l l o y s  as f o l l o w s :  

DM 440C 4 D2 4 D3 and S5 

The t o o l  composit ions (Table 1 )  i n d i c a t e  t h a t  t he  DM has more 

n i c k e l  than the  o t h e r  t o o l i n g  ma te r ia l s .  Nickel  has been 
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1494 NARURKAR, PURKAYSTU, AND SHEEN 

TABLE 4 

EFFECT OF WET POWDER (10% WATER) ON TOOLING MATERIAL 
22'C/30% R d H .  

Tool i ng 
Materi a1 

D2 

D3 

DM 

s5 

440C 

. Rusting ,(Rating*) 
24 Hours .. 2 Hours 

* 0 No rusting (control 
1 Very slight rusting 
2 More rusting 
3 Most rusti ng 

reported by Shotton and Ridgway' t o  withstand cold dilute 

hydrochloric acid up t o  15% concentratlon. These researchers 

a l so  found t h a t  the a l loy  r ich  i n  nickel has good res i s tance  t o  

acid s a l t s  and f a t t y  acids.  

must optimize the  choice of tool ing based on mechanical proper- 

ties, chemical res i s tance  and economics. 

tooling material can be incorporated i n  preformulation testing. 

Thus ,  the development s c i e n t i s t  

Such screening o f  

CONCLUSlON 

REV 6000-A( SS) re1 eases hydrogen ch lor ide  under the experi - 
mental conditions s tudied.  The 1 ibera ted  hydrogen chlor ide 
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CORROSION AND RUSTING OF TOOLING MATERIAL 1495 

appears t o  be responsible f o r  the rus t l ng  o f  t o o l i n g  mater ia ls ,  

Tooling mater ia ls  r i c h  i n  n icke l  content have the l e a s t  r u s t -  

ing. 

presence of l a b i l e  hydrochl o r lde  s a l t s  such as REV 6000-A(SS), 

Based on these, concIusions, the r u s t i n g  o f  t o o l i n g  can be 

prevented by cont ro l  11 ng humid1 ty, temperature and by us1 ng 

too l ing  mater ia l  r i c h  i n  n icke l  a l loy .  

High humldity a lso in f luences the degree o f  rus t l ng  i n  the 
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